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This study examined the effects of forest disturbance and climate change on the ant fauna at the Long
Term Ecological Research site in Gwangneung Forest, Korea in 2003 and 2012. After forest disturbance,
the occurrence and abundance of ants belonging to the functional groups of forest ground forager and
soil and litter dweller are predicted to decrease, while the occurrence and abundance of ants belonging
to the open land forager and forest vegetation forager functional groups are predicted to increase. In
terms of the effects of climate change, if the optimum temperature of the ants is lower than the annual
average temperature in the survey area, the occurrence and abundance of the ants are predicted to
decrease and vice versa. Ant surveys were carried out using pitfall traps. Changes in the dominant
species, occurrence, and abundance mostly corresponded to the predictions for forest disturbance, but
did not match the prediction for an increase in temperature.
Copyright  2014, National Science Museum of Korea (NSMK) and Korea National Arboretum (KNA).
Production and hosting by Elsevier. All rights reserved.Introduction
Gwangneung Forest (37.44 North, 127.08 East) was designated
as the mausoleum forest of King Sejo, the 7th King of the Joseon
Dynasty, in 1468, and has been thoroughly preserved and main-
tained for about 500 years by the Korean government (Korea
National Arboretum, 2008). A natural broadleaf forest in the cli-
max stage covers a large area of Gwangneung Forest and consists of
130 species of tree, including Quercus serrata and Carpinus laxiﬂora.
Various species of tree have also been planted and these form
artiﬁcial forests (Korea Forest Research Institute, 2003a). The tree
volume is 310 m3/ha, more than three times the average volume of
forest trees in Korea (Korea Forest Research Institute, 2012b).
Mature broadleaf forests are rare in Korea and are only found on
Jeombongsan Mountain and in Gwangneung Forest. As Gwang-
neung Forest has a high biodiversity and is also a habitat for many
rare species (e.g. Callipogon relictus and Dryocopus javensis), it was
ofﬁcially listed as a biosphere reserve by the United Nations
Educational, Scientiﬁc and Cultural Organization on 2 June, 2010useum of Korea (NSMK) and
um of Korea (NSMK) and Korea Na(Korea Forest Research Institute, 2012b). However, various forest
disturbances, such as climate change, typhoon damage, outbreaks
of diseases and pests, and animal damage, are affecting the plants
and insects in Gwangneung Forest (Kwon et al., 2010; 2013a; Lee
et al., 2013). The results of a comparison of the ant fauna sur-
veyed at eight sites in Gwangneung Forest in 1993 and 2009 indi-
cated changes as a result of increasing temperatures (Kwon, 2014).
According to the analysis of the data for ant fauna investigated
by the Korea Forest Research Institute at the Long Term Ecological
Research (LTER) site in the natural broadleaf forest of Gwangneung
in 2003, 2004, and 2005, the species diversity signiﬁcantly
decreased in 2003 compared with that in 2004 and 2005 (Kwon
et al., 2014). After analyzing the causes of this, it was found that
this change occurred due to forest disturbance (e.g. tree branches
falling as a result of pests or heavy rain) because the density of ants
with strong resistance sharply increased, whereas the density of
ants with weak resistance decreased. In the study reported here,
the effects of forest disturbance in 2003 and climatic warmingwere
analyzed using the data obtained for ants in 2003 and 2012.
The ants that inhabit the forests of Korea can be divided into
four functional groups [forest ground forager (FGF), open land
forager (OF), forest vegetation forager (FVF), and soil and litter
dweller (SLD)] based on their preferred habitats and the layers of
the forests (Lee and Kwon, 2013b). The results of a surveytional Arboretum (KNA). Production and hosting by Elsevier. All rights reserved.
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disturbance, the abundance of ants belonging to the OF and FVF
functional groups increased, but abundance of ants belonging to
the FGF and SLD functional groups decreased (Kwon et al., 2014).
Therefore, if the effects of forest disturbance continue, it is assumed
that the ants belonging to the OF and FVF functional groups will
increase and the ants belonging to the FGF and SLD functional
groups will decrease compared with the ant fauna population in
2003. To examine the effects of climatic warming on the ant fauna,
the optimum temperature for each ant species and the temperature
of the study site were compared. If an ant species has an optimum
temperature lower than the temperature of the study site, their
population was assumed to decrease and vice versa. These two
predictions were examined using the ﬁndings of ant surveys con-
ducted in 2003 and 2012.
Materials and methods
Study sites
The Korea Forest Research Institute has designated areas of 1 ha
as LTER sites in the natural broadleaf forests of Gwangneung Forest,
Gyebangsan Mountain, Geumsan Mountain, and Hallasan Moun-
tain and has been monitoring the ecosystem changes in plants,
animals, insects, soil respiration, productivity, air pollution, and
carbon dioxide levels over a long period of time (Korea Forest
Research Institute, 2003b; 2004; 2005; 2006; 2007; 2008; 2009;
2010; 2011; and 2012a). The LTER site of Gwangneung Forest has
the highest biodiversity among the four LTER sites and the domi-
nant tree species in this area are Q. serrata, C. laxiﬂora, Carpinus
cordata, and Quercus mongolica. Also, about 180 species of plants
inhabit an area of 1 ha (Korea Forest Research Institute, 2003b;
2004; 2005; 2006; 2007; 2008; 2009; 2010; 2011; and 2012a).
The annual biomass of plants is 266 tons/ha and the basal area is
28.3 m3/ha. The soils are brown forest soils with granite gneiss as
their parent material. The effective soil depth is 20e30 cm, which is
rather deep. The pH of the soil is 4.9 for layer A and 5.09 for layer B.
The survey area of 1 ha is composed of 100 plots of small survey
areas (10  10 m2) and plastic pipes are ﬁxed at the vertices of the
plots.
Survey methods and identiﬁcation of ants
Pitfall traps were used to collect the ants. Three plastic cups
(9.5 cm in diameter and 6.5 cm deep) were placed diagonally on the
ground surface starting from the center of each plot and spaced 2m
apart. The cups were collected 10 days later. The plastic cup was
ﬁlled one-third full with polyethylene glycol as a preservation so-
lution. The pitfall traps were set on 23 July 2003 and collected on 1
August 2003 for the 2003 survey and they were set on 30May 2012
and collected on 8 June 2012 for the 2012 survey. The average
temperature was 24.1C during the 2003 survey, with a maximum
temperature of 32.3C and a minimum temperature of 18.9C; the
precipitation was 199.4 mm. During the 2012 survey, the average
temperature was 20.9C, the maximum temperature was 31.4C,
the minimum temperature was 13C and the precipitation was
2.4 mm (weather data provided by a Dongducheonweather station
17 km from the study site). The season of ant monitoring at the four
LTER sites has been ﬁxed as late May to early July since 2005.
However, the change in the survey period (survey in MayeJune vs.
survey in JulyeAugust) and theweather conditions during the trap-
setting did not have much inﬂuence on the ant fauna (Kwon et al.,
2014). The ants were identiﬁed using the identiﬁcation key pro-
posed by Kwon et al. (2012). All the specimens of ants are preserved
at the Forest Ecology Laboratory of the National Forest Service.Data analysis
The changes in the ant fauna were analyzed targeting the
abundance (number of individuals) and occurrence (number of
traps in which ant species occurred) of each fauna. In the case of
abundance, the number of individuals in each trap was log-
transformed (number of individuals þ 1) and then the difference
between the value from the 2012 survey and the value from the
2003 survey was deﬁned as a change in abundance. In the case of
occurrence, the proportion of traps in which the ants occurred was
arc-sine transformed and then the difference between the value
from the 2012 survey and the value from the 2003 survey was
deﬁned as a change in occurrence. These transformations were
carried out to meet the requirement (normal distribution) of the t
test. Ant species were classiﬁed into two groups (increase or
decrease) according to the climate change prediction and the forest
disturbance prediction. Abundance and occurrence were compared
between two groups using t-test. The number of traps that
collected the respective species and the number of traps that did
not collect the species were compared between 2003 and 2012
using the c2 test. If the occurrence change value was negative with
signiﬁcance, the occurrencewas estimated to have decreased; if the
occurrence change value was positive with signiﬁcance, the
occurrence was estimated to have increased.
Using the survey data from 366 forest research sites nationwide,
Kwon et al. (2012) calculated the optimum temperature value of
the ant faunas using the following equation:
OT ¼
Pn
i¼1xi  yijPn
i¼1yij
(1)
where OT ¼ optimum temperature, xi ¼ annual average tempera-
ture of site i, and yij ¼ abundance of species j at site i (number of
individuals/trap).
The annual mean temperature at the LTER site in Gwangneung
Forest was estimated by the statistical temperature model by Kwon
et al. (2012). Although temperatures are currently being measured,
these datawere not used because the temperature data of the study
site from Kwon et al. (2012) give the average temperature over the
past 30 years and temperature data on the same basis are required
to compare with the optimum temperature. Based on the species
composition of the ants, the disturbance values of ant communities
in 2003 and 2012 were calculated as follows. The indicator species
values on burned forests and pine forests were estimated based on
the results of surveys conducted for 8 years from 2005 to 2012 in
burned forest (artiﬁcially restored site, naturally restored site) and
pine forest in the post-wildﬁre forest of Gangwon-do. The indicator
species value from the artiﬁcially restored site that showed the
most extreme disturbance was considered to represent the forest
disturbance. Using this value (Kwon et al., 2013b), the disturbance
index values of ant communities in 2003 and 2012 were calculated
by following equation:
Disturbance ¼
Pn
i¼1xi  yijPn
i¼1yij
(2)
where xi ¼ the disturbance value of species i (indicator value for
planted burned forest) and yij ¼ the abundance of species i at site j
(number of individuals/trap).Results and discussion
At the LTER site of Gwangneung Forest, 2502 individuals of 21
ant species were collected in 2003 and 4944 individuals of 27 ant
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number of species and individuals. Apaenogaster japonica and
Pheidole fervida had the largest in abundance in 2003, but were
replaced by Lasius japonicus and Formica japonica in 2012. The
former two species are typical forest insects, but the latter two
species are usually observed in open land rather than in forests
(Kwon et al., 2012; 2013b). A. japonica, the numerically dominant
species in 2003, was found in 81% of 297 traps retrieved from the
study sites in 2003, but in only 56% of 275 traps retrieved from the
study sites in 2012, showing a signiﬁcant decrease (p < 0.001;
Table 2). In addition, the number of individuals halved from 2.8 to
1.3 per trap. The occurrence of P. fervid, a typical FGF, also decreased
signiﬁcantly (Table 2), but the abundance slightly increased so its
change was not as great as A. japonica. By contrast, F. japonica,
which belongs to the OF functional group and inhabits open land
rather than forest, showed an increase between 2003 and 2012; the
occurrence (proportion) of F. japonica increased two-fold and the
abundance (individuals per trap) increased six-fold. In addition,
L. japonicus and Camponotus japonicas, which are often observed in
open land, also greatly increased. Six species that had not been
collected in 2003 were newly found in 2012, but all the species
collected in 2003were collected again in 2012. Of the species newly
found in 2012, Camponotus nipponensis and Dolichoderus sibiricus
belong to the FVF functional group and usually forage for food in
the vegetation layer. They are also predicted to increase after
disturbance. Of these, a large number of C. nipponensis inhabit the
vegetation layer of Gwangneung Forest (Kwon et al., 2011). When
trees are dead or many tree branches fall down due to forest
disturbance, the light in the understory vegetation layer becomes
intense, and shrubs and herbaceous plants increase. Consequently,Table 1
Occurrence and abundance of ants collected at the Gwangneung Long Term Ecological R
Scientiﬁc name Korean name 2003a
Occurrence
Number Proportion
Apaenogaster japonica 일본장다리개미 241 0.811
Camponotus atrox 한국홍가슴개미 10 0.034
Camponotus japonicus 일본왕개미 3 0.010
Camponotus kiusuensis 갈색발왕개미 2 0.007
Camponotus nipponensis 털왕개미
Camponotus sp. 1 1 0.003
Crematogaster matsumurai 마쓰무라밑드리개미 1 0.003
Crematogaster teranishi 검정밑드리개미 2 0.007
Cryptone sauteri 장님침개미 9 0.030
Dolichoderus sibiricus 시베리아개미
Formica japonica 곰개미 89 0.300
Hypoponera sauteri 사우터침개미 1 0.003
Lasius japonicus 고동털개미 31 0.104
Lasius spathepus 민냄새개미
Myrmecina nipponica 가시방패개미 29 0.098
Nylanderia ﬂavipes 스미스개미 55 0.185
Pachycondyla chinensis 왕침개미 17 0.057
Pachycondyla javana 일본침개미 71 0.239
Pheidole fervida 극동혹개미 187 0.630
Ponera japonica 거치른침개미 47 0.158
Pristomyrmex pungens 그물등개미 9 0.030
Stenamman owstoni 오스톤개미
Strumigenys lewisi 비늘개미 44 0.148
Temnothorax nassonovi 낫소노브호리가슴개미 16 0.054
Temnothorax sp. 3
Temnothorax sp. 4
Vollenhovia emeryie 에메리개미 87 0.293
Number of species 21
Number of individuals 2502
a Occurrence denotes number of traps in which each ant species was collected and a
number of traps in which ants were found compared with the total number of traps (297 i
trap.this functional group was slow in reacting to the disturbance; its
density sharply increased 2 years later, while the density of the OF
functional group had already increased during the year following
the disturbance (Kwon et al., 2014).
Based on the optimum temperature and functional group of
each species, in terms of climate change and forest disturbance, the
predicted changes in occurrence and actual occurrence from survey
results were compared (Table 2). According to the climate change
prediction, the four species (Camponotus atrox, F. japonica, Temno-
thorax nassonovi, and Stenamma owstoni) that have an optimum
temperature 9.5C lower than the average temperature of the study
site were predicted to decrease, but all of these four species were
signiﬁcantly increased (Table 2). Among the 23 species that were
predicted to increase, 12 species showed a signiﬁcant change; six
species signiﬁcantly decreased, whereas the other six species
signiﬁcantly increased (Table 2; Figure 1A). According to the forest
disturbance prediction, the 17 species that belong to the FGF and
SLD functional groups were predicted to decrease, whereas the
eight species that belong to the OF and FVF functional groups were
predicted to increase. Of these, 16 species showed a signiﬁcant
change; the species that were predicted to increase all increased
(six species) and among the species that were predicted to
decrease, six species decreased while four species increased.
Therefore, among the 16 species that showed a signiﬁcant change,
only six species agreed with the climate change prediction, while
12 species agreed with the forest disturbance prediction. Thus
there was a signiﬁcant difference between the results of the two
predictions [c2 ¼ 4.57, degrees of freedom (d.f.) ¼ 1, p < 0.05].
These prediction results are repeated in the quantitative changes
in occurrence and abundance (Figure 2). With regard to the climateesearch site in 2003 and 2012.
2012a
Abundance Occurrence Abundance
Total Per trap Number Proportion Total Per trap
820 2.761 154 0.560 358 1.302
14 0.047 26 0.095 42 0.153
3 0.010 124 0.451 348 1.265
2 0.007 14 0.051 16 0.058
6 0.022 6 0.022
1 0.003 1 0.004 1 0.004
1 0.003 7 0.025 8 0.029
2 0.007 9 0.033 9 0.033
10 0.034 10 0.036 12 0.044
1 0.004 1 0.004
250 0.842 170 0.618 1344 4.887
1 0.003 1 0.004 1 0.004
85 0.286 93 0.338 1701 6.185
1 0.004 1 0.004
32 0.108 19 0.069 28 0.102
130 0.438 92 0.335 199 0.724
24 0.081 11 0.040 22 0.080
108 0.364 48 0.175 82 0.298
698 2.350 132 0.480 662 2.407
58 0.195 12 0.044 12 0.044
21 0.071 1 0.004 2 0.007
8 0.029 8 0.029
55 0.185 3 0.011 3 0.011
18 0.061 54 0.196 65 0.236
1 0.004 1 0.004
1 0.004 1 0.004
169 0.569 11 0.040 11 0.040
27
4944
bundance denotes number of individuals. Proportion in occurrence is a ratio of the
n 2003, 275 in 2012). Per trap in abundance columnmeans number of individuals per
Figure 1. Number of ant species that have increased or decreased in occurrence
(number of traps in which they occurred) at Gwangneung Long Term Ecological
Research site between 2003 and 2012 according to (A) climate change prediction and
(B) forest disturbance prediction. The two predictions are explained in the text. Table 2
shows the species which have increased or decreased in occurrence.
Table 2
Values of disturbance index and change in occurrence of ant species collected at the Gwangneung Long Term Ecological Research site. The change in occurrence was predicted
in terms of the climate change prediction and the forest disturbance prediction as explained in the text. The values of disturbance index in each species are cited from Kwon
et al. (2013), in which these values are indicator values for planted burned forests.
Scientiﬁc name Disturbance index Climate change prediction Forest disturbance predictiona Change occurring
Optimum temperature (C) Prediction Functional group Prediction
Apaenogaster japonica 0 10.06 Increase FGF Decrease Decreasex
Camponotus atrox 8.04 Decrease FGF Decrease Increasez
Camponotus japonicus 55 11.15 Increase OF Increase Increasex
Camponotus kiusuensis 2 10.42 Increase FVF Increase Increasez
Camponotus nipponensis 9.81 Increase FVF Increase
Camponotus sp. 1 11.24 Increase SLD Decrease
Crematogaster matsumurai 1 10.93 Increase FVF Increase Increasey
Crematogaster teranishi 0 11.84 Increase FVF Increase Increasey
Cryptone sauteri 10.02 Increase SLD Decrease
Dolichoderus sibiricus 9.88 Increase FVF Increase
Formica japonica 82 9.22 Decrease OF Increase Increasex
Hypoponera sauteri 1 12.77 Increase SLD Decrease
Lasius japonicus 53 10.78 Increase FVF Increase Increasex
Lasius spathepus 0 9.80 Increase FGF Decrease
Myrmecina nipponica 0 10.12 Increase SLD Decrease
Nylanderia ﬂavipes 25 10.76 Increase FGF Decrease Increasex
Pachycondyla chinensis 12.19 Increase FGF Decrease
Pachycondyla javana 39 11.29 Increase FGF Decrease
Pheidole fervida 9 10.01 Increase FGF Decrease Decreasex
Ponera japonica 2 10.27 Increase SLD Decrease Decreasex
Pristomyrmex pungens 45 11.49 Increase FGF Decrease Decreasey
Stenamman owstoni 7.70 Decrease FGF Decrease Increasez
Strumigenys lewisi 1 11.2 Increase SLD Decrease Decreasez
Temnothorax nassonovi 8.68 Decrease FGF Decrease Increasez
Temnothorax sp. 3
Temnothorax sp. 4
Vollenhovia emeryie 3 10.7 Increase SLD Decrease Decreasex
y p < 0.05, z p < 0.01, and x p < 0.001 indicate signiﬁcant difference in c2 test for the two by two contingency table (2003 vs. 2012 and present traps vs. absent traps).
a Occurrence denotes number of traps in which each species were collected (data shown in Table 1). Decrease and increase in the occurrence change denote negative and
positive value in difference of proportion of occurred traps between 2003 and 2012 (i.e. value in 2012 minus value in 2003), respectively.
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actually increased in occurrence [increasing group, 0.012  0.186
standard error (SE); decreasing group, 0.149  0.15; t ¼ 1.6;
d.f. ¼ 19; p < 0.125] and abundance (increasing group,
0.039 0.052; decreasing group, 0.156 0.125; t¼0.96; d.f.¼19;
p < 0.349) more than the other groups that were predicted to in-
crease, but no signiﬁcant difference appeared. By contrast, with
regard to the forest disturbance prediction, changes that agreewith
the predication were shown both in occurrence (increasing group,
0.168 ing gr; decreasing group,0.056 0.038; t¼3.072; d.f.¼19;
p < 0.01) and abundance (increasing group, 0.237  0.114;
decreasing group, 0.026  0.022; t ¼ 3.097; d.f. ¼ 19; p < 0.01)
and there was a signiﬁcant difference between two indexes. Such
results show that the changes in ant communities between 2003
and 2012were due to the effects of forest disturbance and therewas
no effect caused by warming of the climate. This can be conﬁrmed
from the disturbance value of ant communities that were calculated
using the disturbance index value (Kwon et al., 2013b) of each ant
species in the burned forest. The disturbance value of ant commu-
nities more than doubled from 16.2 in 2003 to 47.3 in 2012
(Figure 3).
According to annual temperature variation data from the
Dongducheon weather station located near the study site, there
was no signiﬁcant temperature change during the survey period
(Figure 4). In addition, there were no signiﬁcant changes in the
annual average temperature for 16 years until 2013; the Dongdu-
cheon weather station started operating in 1998 (F1, 14 ¼ 0.455;
p < 0.511). The average temperature of Korea is 1.5C higher than it
was 100 years ago and this rate of temperature increase is almost
twice as fast as the global average average. However, this reﬂects an
urban heat island effect because many weather stations are located
in urban areas. When excluding the urban heat island effect, the
Figure 2. Change in occurrence (proportion of occurred traps) and abundance (number of individuals per trap) of ant species in the Gwangneung Long Term Ecological Research site
between 2003 and 2012 according to (A, C) climate change prediction and (B, D) forest disturbance prediction. Methods of estimation for the change and the two predictions are
explained in the text. Table 1 shows the values of occurrence and abundance of each species.
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According to the weather records of Dongducheonweather station,
there was nomarked increase in the temperature of the survey area
and thus it is presumed that the temperature increase in Gwang-
neung Forest is not yet serious enough to inﬂuence the ant fauna.
However, the results of another survey conducted over a long
period of time (1993 vs. 2009) over awider area (8 sites in an area of
1000 ha) agreed with the predictions for climate change. According
to the survey conducted in 1993, Myrmica kotokui, which is abun-
dant in high mountains, was collected at the study site. However,
this species has not been collected in ongoing research at this and
other study sites since 2000. Thus it is presumed to be extinct in
Gwangneung Forest. In addition, Nylanderia ﬂavipes, which has a
high density in the southern area, inhabits in some study sites at aFigure 3. Value of disturbance index for ant communities in 2003 and 2012. The
values of disturbance indicator of ant species are cited from Kwon et al. (2013b) and
are shown in Table 2.high density of population. Such phenomenonwas rarely seen until
2000. If climate warming continues, N. ﬂavipes will take over from
A. japonica, which is currently dominant in Gwangneung Forest,
and become the most dominant species. Although there was no
effect of climate change found in this study, its interpretation
should not be extended to all of Gwangneung Forest.
An investigation of the food competition of the ants at six study
sites along the temperature gradient found that A. japonica and
P. fervidawere superior over F. japonica and L. japonicus in the food
competition rank. Therefore the phenomenon that the dominant
species, A. japonica and P. fervida were replaced by F. japonica and
L. japonicus cannot be explained by food competition capability
among the ant species. The change in ant fauna surveyed in this
study shows how each ant species responds to environmental
change caused by forest disturbance in accordance with theirFigure 4. Change in annual average temperature from 2003 to 2012 at Dongdoocheon
weather station, located 17 km from the Gwangneung Long Term Ecological Research.
In the regression analysis, F1, 9 ¼ 0.106; p < 0.752.
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half of 2003, the leaf area index (LAI) in the Gwangneung LTER site
signiﬁcantly decreased from 4.9 in 2003 to 3.1e3.2 in 2004 and
2005 (Kwon et al., 2014). Thereweremeteorological disasters in the
latter half of 2003, such as typhoon Maemi and heavy rain in the
middle of September. The density of Mechoris ursulus (Roelofs),
which often occurs in Gwangneung Forest, sharply increased
nationwide and probably damaged many oak trees in 2003.
Consequently, it is presumed that these disturbance factors inde-
pendently or additively contributed to the decreasing LAI index.
The decreased LAI index has not changed much since 2005
(Korea Forest Research Institute, 2003b; 2004; 2005; 2006; 2007;
2008; 2009; 2010; 2011; and 2012a). From this, it is presumed
that the ant communities are ﬁxed to the changed environment
(the forest species decreased while the species with a greater
resistance to disturbance increased). As there were many empty
areas created by a lot of branch falls in 2003, the soil became dry.
Thus the ant species belonging to the FGF and SLD functional
groups, which prefer wet ground, decreased, while the ant species
belonging to the OF functional group, which prefers dry soil,
increased. As understory vegetation increased, the species
belonging to the FVF functional group, which forage mainly in the
vegetation layer, increased. These hypotheses can explain the
changes in ant communities observed at the Gwangneung LTER
site. Even though the ant communities in 2012were changed by the
effects of forest disturbance, it is remarkable that the species di-
versity of the ant faunas have increased. A moderate level of
disturbance reportedly results in an increase in species diversity
(Connell, 1978; Jung et al., 2013; Lee and Kwon, 2013a) and these
result are considered consistent with such phenomenon.
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